History of Systems Theory
• A mathematical approach articulated by Wiener in the 1940s (Wiener, 1948 (Wiener, , 1961 G f k i i f • Grew out of work on antiaircraft systems during World War II
• Focused on the relationships among negative feedback loops, oscillations, and control
Definition of a System
• A variety of elements that interact with one another to form a whole entity • Characteristics of the whole entity cannot be deduced from each of its components deduced from each of its components.
• Many systems are stable over time, and retain important characteristics, even in the face of perturbations that disturb the behavior of specific elements
Negative feedback and oscillation
• Negative feedback is the hallmark of homeostatic regulatory activity (e.g., a thermostat) • All systems with negative feedback loops have • All systems with negative feedback loops have the characteristic of oscillation (Aaras, 1998) • A multiplicity of such feedback loops is reflected in the complexity of oscillatory patterns. -a period, or the time between the successive oscillations
• In biology, such systems inevitably involve a delay, and a negative feedback loop with oscillatory characteristics
• Biological and behavioral control all appear to be influenced by oscillatory negative feedback loops • Oscillatory properties have been observed in systems as small as the cell, and as large as societies societies.
Examples:
• Voting patterns in Western democracies since WWII • The baroreflex • Marriage interaction patterns
Closed loop and open loop models
Closed loop:
• Responds to external stimuli, but has internal control mechanisms that preserve system stability • e.g., model of the baroreflex (Vaschillo et al., 2002) Open loop: • However, changes to one system component affect others -e.g., respiratory system affects cardiac system, etc. 
Oscillation, complexity, and system stability

Modeling Simplicity and Complexity
• Simple control, such as control of room temperature by a thermostat, can typically be described with basic mathematical models
• However, when multiple controllers operate, each with a characteristic frequency, mathematic models becomes more complex -Nonlinear dynamic models, fractals, and entropy type calculations are used to model such systems.
• CHAOS THEORY (Gleik, 1987; Kellert, 1993) and INFORMATION THEORY (Shannon, 1948) emphasize deterministic nonrandom but complex nonlinear relationships among a large number of co-occurring processes
• Measures of entropy represent various approaches to Measures of entropy represent various approaches to calculating relative unpredictability of fluctuation patterns in a time series, or the number of dimensions, or 'fractals' (Mandelbrot, 1983) necessary to describe a data set mathematically e.g., "approximate entropy" (Pincus, 1991 (Pincus, , 1998 "spectral entropy" (Shannon, 1948; Lempel & Ziv, 1976) 
Stress and oscillation
External system stressors such as disease, psychological stress, injury, or interpersonal conflict may perturb a system, yet simultaneously stimulate oscillatory processes and exercise control mechanisms.
Cardiac Variability and Health
• Reduced cardiac variability in response to stimulation is related to a variety of pathophysiological states (Montano et al., 2009) • Increased HRV and vagal influence on the heart g are correlated with recovery after the physical exercise stress (Chen et al., 2011) -Related to respiratory regulation and baroreflex control -HRV decreases with age, deconditioning, disease 
Stability in DISORDERED behavior
• A complex, nonlinear time course for psychotic symptoms in 8 of 14 patients with schizophrenia -Response to environment vs internal regulation of -Response to environment vs. internal regulation of symptoms (Tschacher, Scheier, & Hashimoto, 1997) 
Oscillation and Complexity in EEG HF Low Amplitude Reflects Activity:
can reflect disinhibition
• High frequency low amplitude EEG = more cells firing desynchronously (i.e., more complex)
• Greater θ:β ratio in decreased frontal emotional • Greater θ:β ratio in decreased frontal emotional response inhibition (Putman, et al, 2010) • Lower α and β and/or increased waking slow-wave activity in decreased inhibitory control over behavior (Knyazev, 2007) • Greater Δ and θ and lower α in children with fetal alcohol syndrome (Kaneko, et al, 1996) ↑ Slow Wave Activity & Inhibitory Control 
Sexual arousal and orgasm
More fast wave activity, decreased entropy cognitive demand tasks (Zarjam, Epps, & Chen, 2011) ↓ EEG complexity and psychopathology
• Schizophrenia (Roschke, et al., 1995) • Depression (Nandrino et al., 1994; Pezard et al., 1996) -EEG patterns became more complex among depressed patients whose depression improved (Pezard, et al)
• Autistic spectrum disorder (Bosl, et al., 2011) • Attention deficit hyperactivity disorder (Sohn et al., 2010) 
Resonance
• Resonance can occur in systems with negative feedback loops, causing high-amplitude oscillations at a single frequency
• Resonance effects can be used to strengthen modulatory oscillations, but may obscure other information and control mechanisms (Tsai et al., 2008) Can trigger resonances at specific frequencies (e.g., HRV biofeedback)
Reaction of Aperiodic and Resonance Systems to Perturbation Stimuli
Can maintain oscillations in negative feedback loops by providing stimulation But can also destabilize the system (dysregulation) 
Effects of Resonance
• Can exercise control reflexes (as in HRV biofeedback) • Can limit information from processes occurring at other frequencies occurring at other frequencies -e.g., "Larsen effect": a microphone in front of a speaker
Conclusions 1
• Any stable system can be modeled using time series analysis • Internal control mechanisms can be modeled as closed negative feedback loop systems as closed negative feedback loop systems with oscillatory properties • Decreases in oscillatory properties will be associated with less adaptability to perturbations (stressors), and greater vulnerability to system failure
Conclusions 2
• Stable systems are complex, indicating a multiplicity of control mechanisms; however, they are not random
• Adaptability of a system can be modeled from the p y y effect of perturbations on its various closed-loop systems of internal control
• Changes in any elements due to system perturbations will return toward a pattern of stable equilibrium
Conclusions 3
• Disease, injury, stress, and older age all reduce adaptability, and will be reflected in decreases in oscillations of control systems, complexity of oscillations, and ability to return to equilibrium after perturbation.
-They may also be characterized by greater periods of randomness
• Resonance can reflect positive/negative feedback loops and can be useful for augmenting adaptive responses and exercising adaptive reflexes.
-Though it also can impair function through decreased information
Biofeedback Implications
• Better identification of oscillatory systems may lead to better understanding system control mechanisms • Development of ways to exercise and • Development of ways to exercise and strengthen reflexes that strengthen allostatic capacity, such as now with HRV biofeedback and neurofeedback
Biofeedback Implications: Theory
• periodic stimulation of resonance characteristics would strengthen control reflexes • constant stimulation (e.g., all-day resonance ( g , y frequency breathing) might actually be iatrogenic
• NEED DATA ON EFFECTS OF BIOFEEDBACK ON CHAOTIC CHARACTERISTICS OF HRV
